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In an admirable account of the variations that occur in the bacterial 
species B. influenzae,  Pittman  (1)  has described recently two forms. 
One form grows as a  smooth colony, is virulent for animals,  forms a 
soluble  substance  which  precipitates  the  corresponding  antiserum 
and the organisms  tend to be uniform in size and appear  to have a 
capsule--this is the S form.  The other form grows as a rough colony, 
is non-virulent for animals, does not form a precipitating soluble sub- 
stance, and the organisms tend to be less uniform in size and have no 
capsule--this  is the R  form.  Further,  two types of the  S  form are 
described, distinguished by two different soluble substances, as in the 
case of the pneumococcus.  But as the meningeal strains fall into one 
type  and  that  has  been our own experience  this  type specificity, 
though very important in a general survey of the pathogenic members 
of the  species,  need not  concern  us here. 
Primarily  interested  in  the  invasion  of the  meninges  by virulent 
organisms and the means that can be devised to aid the body in over- 
coming this invasion, we have been working on the same problem from 
a slightly different angle.  In other words, the particular problem we 
wished to study was virulence and resistance,  and the relation of the 
one to the other. 
Virulence 
Pittman  (1)  pointed out that  it was not easy to  demonstrate  the 
difference between virulent  and  non-virulent  strains  by inoculation 
into animals, because of the toxicity of both cultures, and the lack of 
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an  animal  which  was  really  susceptible  to  invasion  by the  virulent 
organism.  The  minimum lethal  dose  for  the  mouse was  quoted  as 
0.1  to 0.5 cc. of the S culture,  and  1.0 to 2.0 cc. of the R  culture.  A 
difference of the  same order was found in rabbits.  This is not very 
convincing,  and  if  one  had  to  rely  on  such  a  test  to  distinguish  a 
virulent from a non-virulent culture, minor differences in suceptibility 
in  the  test  animals  might  easily lead  to  error.  However,  we  have 
found that it is possible, by using diluted blood in a bactericidal blood 
test, to demonstrate a  difference between the S  and R  cultures of the 
same high order of magnitude as is found in injecting mice with S and 
R  cultures of pneumococci. 
TABLE  I 
S culture  R cniture 
No. of organisms  in tube  Growth  No. of organisms  in tube  Growth 
3,000,000 
300,000 
30,000 
3,000 
300 
30 
3 
++++ 
+÷++ 
++++ 
++++ 
++++ 
++++ 
++++ 
9,000,000 
900,000 
90,000 
9,000 
900 
90 
9 
++++ 
0 
0 
0 
0 
0 
0 
Here, and in the following tables, + + + +, +  + +, + +, @ =  various degrees 
of growth.  0  =  sterility. 
The technique for such an experiment has already been described in Paper I. 
Each tube contains 0.5 cc. of a mixture of equal parts of fresh defibrinated rabbit's 
blood and 5 per cent digested blood broth and a  known number of organisms. 
The S culture was isolated from a case of influenzal meningitis and had been kept 
in rabbit blood in the manner described in Paper I.  The R  culture was grown 
from an R colony derived from the S culture by cultivating the S strain in 5 per cent 
rabbit blood peptone water for a number of transplants.  Both S and R cultures 
were carefully checked and conformed with all the usual tests.  The results of the 
experiment are shown in Table I. 
Table I  shows that diluted rabbit's blood can kill approximately one 
million  times  as many  R  organisms  as  S  organisms.  Other  experi- 
ments have shown that if the rabbit blood is not diluted, the difference 
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organisms.  This is consistent with the in vivo resistance to infection. 
And diluting the blood with suitable culture medium may be likened 
to lowering the resistance to infection of the whole animal.  Of course 
it can be argued,  and no  doubt  rightly so, that  such a  test is not a 
real  virulence  test,  because  the  word  "virulence"  implies  virulence 
towards a healthy animal.  But if there is no healthy animal available 
which  is  susceptible to  the  organism,  and  no  consistent  method  of 
lowering resistance in vivo,  then  such a  technique  is the  closest ap- 
proximation to a virulence test that is possible at present. 
The next question, naturally, is why is the S organism virulent, and 
the R organism non-virulent.  Pittman (1) has described the presence 
of capsules round the S organisms,  and although  we have noted the 
same appearance on occasion, and felt reasonably sure that there was 
a definite structural difference between the S and R organisms stained 
with the same stain on the same slide, on other occasions we have not 
felt so certain.  Capsule stains are difficult, and faults in technique 
may well explain the inconsistency of our results.  Be that as it may, 
from our point of view, the material difference between the two strains 
was  of  more  importance  than  the  structural  difference.  Here  the 
evidence pointed to an investigation of the precipitinogen (or "soluble 
substance" as it has been called)  which could be demonstrated in S 
cultures,  but not in R  cultures.  Table  I  shows the  resistance  of  S 
organisms to the bactericidal action of blood.  If we can show that 
this  resistance  can  be still  further  enhanced  by the  addition  of the 
filtrate of an S culture, but not by the filtrate of an  R  culture,  then 
presumably the active substance of the filtrate is present also in the S 
bacilli and is associated with their virulence.  That  this is the case, 
is shown in Table II. 
In this experiment, 0.5 cc. of undiluted rabbit blood was used in each tube, in- 
stead of diluted blood, as in the last experiment, because unless some bactericidal 
action was shown by the blood alone, the effect of adding the S filtrate could not be 
demonstrated.  The filtrates were prepared by passing 18 hour cultures in the 
special broth through Berkefeld filters. 
The experiment of which the results are shown in Table II estab- 
lishes the fact that  there is in  the  S  filtrate  a  substance which has 
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the S bacilli themselves,  and  although  no direct proof can be given, 
this substance is probably intimately associated with the virulence of 
the organisms.  The next question, of course, is:  What is the active 
substance in  the  S  filtrate which has  this  effect?  We have  already 
tentatively assumed that it is the precipitinogen,  but as yet this has 
not  been  proved.  On  the  analogy  of other organisms,  such  as  the 
pneumococcus and  Friedliinder  bacillus,  one would suspect that  the 
precipitinogen of the S influenza bacillus would be found to be a carbo- 
hydrate.  Goebel, indeed, is quoted by Pittman  (1) as having already 
demonstrated  that  it  is  a  carbohydrate.  Our  next  experiment  was 
designed to test the theory that the antibactericidal  substance in the 
S filtrate is a carbohydrate.  If it is a carbohydrate, then it should be 
TABLE  II 
No. of 
S organisms  in 
each tube  1/15 
15,000,000  ++++ 
1,500,000  ++++ 
150,000  ++++ 
15,000  ++++ 
1,500  ++++ 
150  ++++ 
15  ++++ 
Concentration of S filtrate 
1/60  1/240 
++++++++ 
++++++++ 
++++++++ 
++++  o 
++++  o 
++++  o 
++++  o 
Concentration of R filtrate 
1/1s  1/60 
++++  ++++ 
++++  ++++ 
+  0 
+  0 
0  0 
0  0 
0  0 
1/240 
++++ 
++++ 
0 
0 
0 
0 
o 
Control 
(blood only) 
++++ 
++++ 
0 
o 
o 
o 
o 
able to withstand heating.  Accordingly, we boiled the same filtrate 
that had been used in the previous experiment at pH 9.4, neutralized, 
and repeated the experiment, using the heated S filtrate in place of the 
unheated  filtrate.  The  results  of this  experiment  showed  that  the 
heated  filtrate  had  practically  no  antibactericidal  effect.  At  the 
same time, corroboration was given to the theory that the precipitino- 
gen is a carbohydrate by the fact that the precipitinogen content of the 
filtrate was unchanged by heating.  On the face of it, these two facts 
seem to indicate that the substance in the filtrate which has the anti- 
bactericidal effect is not the precipitinogen,  but another  heat-labile, 
specific substance.  There is, however, another possibility.  It may be 
that  the precipifinogen in the unheated filtrate is not a  pure carbo- 
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than the carbohydrate in its antibactericidal effect.  On heating, this 
hypothetical compound is split up, leaving the carbohydrate.  On this 
theory, the complex substance and the pure carbohydrate would have 
the same precipitinogen content, but  the pure  carbohydrate would 
have a weaker antibactericidal effect.  This theory s6unds somewhat 
far-fetched, but one of the authors has more definite evidence in the 
case of the pneumococcus (to be published shortly), which points in 
this  direction.  When we have  available  a  supply  of  the  purified 
influenza bacillus carbohydrate, we will be able to determine whether 
the carbohydrate itself in stronger concentration has an antibacteri- 
cidal  effect.  In  an  18 hours heated  filtrate,  its  concentration--as 
determined by the precipitin test--is very weak, and if its  action is 
similar to  that  of the pneumococcus carbohydrate, one would not 
expect it  to  have  an  antibactericidal  effect in  that  concentration. 
And there for the moment we have to  leave the question of  viru- 
lence.  Almost a  sine  qua  non  for further work is  a  supply of  the 
purified carbohydrate. 
Resistance 
In any attempt to  develop a  bactericidal method of treating in- 
fluenzal meningitis, a  reliable technique for testing the bactericidal 
efficiency  of the antiserum must sooner or later be found.  In our case, 
unfortunately, it  was  later.  In  the  beginning we  relied  upon  the 
agglutination test, and it was only when we began to test the bac- 
tericidal  action of  antiserum,  that  we  realised how misleading the 
agglutination test may be.  Table I  of Paper I  shows the result  of 
testing  two  antisera.  Antiserum A  agglutinated  the organisms up 
to a serum dilution of 1/1000, but was only active in killing the organ- 
isms in a concentration of 1/25, whereas Antiserum B  agglutinated up 
to a dilution of 1/8000 but had a slight bactericidal action in a  concen- 
tration of 1/25,000.  Thus an antiserum which was only eight times 
stronger in  its  agglutinating  action was  approximately a  thousand 
times stronger in its bactericidal action.  As was pointed out to us 
originally by Dr. Pittman, Antiserum A contains no precipitins at all 
against the precipitinogen of the S influenza bacillus, whereas Anti- 
serum B formed a precipitate with the precipitinogen up to a dilution 
of 1/64.  This of course made us suspect that the bactericidal action 240  ~SLUENZAL ~E~_~GITIS.  Ii 
of  the  antiserum  was  much  more  intimately  associated  with  the 
precipitin antibody than it was with the agglutinin antibody.  Such 
a  theory is  consistent with  recent studies by Friedlander,  Sobotka 
and Banzhaf (2), and by Heidelberger, Sia and Kendall (3), working 
with antipneumococcus serum. 
This quantitative discrepancy between the agglufinins on the one 
hand and the precipitins and bactericidins on the other is suggestive, 
but does not constitute proof that the agglutinating antibody is quite 
distinct from the antibody responsible  for precipitation of the pre- 
cipitinogen and the killing of the organisms in the presence of com- 
plement.  It occurred to us that if we could by some means (1) absorb 
the agglutinins only from an anti-S influenza bacillus serum, leaving 
the precipitins and bactericidins unchanged, and (2)  absorb the pre- 
cipitins and bactericidins only from an anti-S influenza bacillus serum, 
leaving the agglutinins unchanged, such a  demonstration would be 
strong evidence that the agglutinin was a  separate and distinct anti- 
body  from  the  precipitin-bactericidin  antibody,  and  not  the  same 
antibody acting under different conditions.  Even if only one of these 
demonstrations was possible, it should suffice, because the one is the 
corollary of the other.  Actually, the technique for the second demon- 
stration is probably easier than for the first, but a  supply of purified 
precipitinogen  (presumably a  carbohydrate)  would be  theoretically 
necessary to absorb the precipitins and bactericidins without affecting 
the agglutinins,  and this we did not have, nor know how  to obtain. 
We tried, but eventually convinced even ourselves that we had neither 
knowledge nor skill in chemistry.  Accordingly, we had to attempt the 
first demonstration.  For this, if we were to absorb  the  agglutinins 
from an  antiserum  and leave the precipitins  and  bactericidins  un- 
touched, it is clear that we had to have an absorbing  antigen which 
was strong in agglutinogen and completely lacking in precipifinogen. 
Fortunately we had such an antigen ready to hand in the R influenza 
bacillus previously mentioned in this paper.  We found that the R 
strain was agglutinated just as well as the S strain by the anti-S serum, 
and we could find no trace of precipitinogen in the R  organism.  All 
that was essential in carrying out the experiment was to absorb the 
anti-S serum  with  the  R  organism  and  compare  the  R-absorbed 
serum with the unabsorbed serum by means of quantitative agglutina- JOYCE WRIGHT AND  HUGH  K. WARD  241 
tion,  precipitation  and  bactericidal  tests.  But  at  the  same  time 
we  thought that if we  included in the  comparison the  anti-S  serum 
absorbed with  the  S  organism, it  would  be  an  additional check on 
the  technique.  Theoretically  the  S-absorbed  anti-S  serum  should 
show a definite weakening in agglutinins, precipitins and bactericidins, 
because the S organism contains both agglutinogen and precipitinogen. 
The actual  technique  of  this  experiment  was as follows:  The  anti-S  serum 
used  was fairly  strong,  both in agglutinins  and precipitins.  The organisms  for 
adsorption  were  obtained  by growing  each strain  on chocolate  agar in Kolle 
flasks, washing off the growth with saline and centrifuging  down the organisms. 
The bacilli from one Kolle flask were used for absorbing each 1.0 cc. of antiserum. 
The antiserum  was added to the centrifuged bacilli, mixed and left in the ice box 
for 48 hours.  This process was repeated four times.  At the end of this time, we 
thus had three specimens of anti-S  serum  for testing:  (1) an S-absorbed  anti-S 
serum,  (2) an R-absorbed anti-S serum,  (3)  an unabsorbed anti-S serum.  The 
agglutination test was carried out by adding an equal volume of an 8 hour culture 
of the S strain in 5 per cent digested blood broth to the various dilutions of the anti- 
serum, and incubating in a water bath at 50°C. for 18 hours before reading. I  The 
precipitation  test was carried  out by adding an equal  volume  of the Berkefeld 
filtrate  of an 18 hour culture of the S strain in 5 per cent digest blood broth to the 
various dilutions of the antiserum,  and incubating for 2 hours at 37°C. before read- 
ing.  The bactericidal  test was performed  as previously  described.  Each tube 
contained 0.5 cc. of a mixture of equal parts of fresh rabbit blood and 5 per cent 
digest blood broth, a known amount of antiserum and a known amount of organ- 
isms.  The tubes were sealed, incubated,  broken open and plated out.  The results 
of testing these  three  specimens  of antiserum  for agglutinins,  precipitins  and 
hactericidins are shown in Tables IH and IV. 
It will be seen from Tables III and IV that the effect of absorbing an 
anti-S  influenza  bacillus  serum  with  the  R  strain  of  the  influenza 
bacillus is to leave the precipitins and bactericidins unchanged and at 
1 In carrying out the agglutination  test in this  manner, two different kinds of 
agglutination are seen.  In  the  stronger concentrations  of  the  antiserum,  the 
agglutination  is floccular in character,  but as the serum becomes more dilute,  the 
agglutination is in the form of fine but perfectly definite granules.  The floccula- 
tion type of agglutination  ends at about the same sermn dilution as the precipita- 
tion reaction ends  with the broth filtrate:  Whether the organisms  themselves 
agglutinate in this way owing to their content of precipifinogen,  or whether the 
precipitate  in the suspending  medium  (the  suspending  broth contains  the pre- 
cipitinogen and therefore precipitates  with the antiserum) entangles the organisms 
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the same time to remove most of the agglufinins.  The agglutination 
that was still present may have been genuine agglutination or it may 
have been primarily a precipitation (see footnote 1).  But accepting 
TABLE  III 
Agglutination  test 
S-absorbed  R-absorbed 
antiserum  antiserum 
+  ++++ 
±  + 
0  + 
0  + 
0  + 
0  + 
0  ± 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
Concentration  of 
antiserum 
1/4  ++-t-+ 
1/8  ++++ 
1/16  ++++ 
1/32  ++++ 
1/64  ++++ 
1/128  ++++ 
1/256  ++++ 
1/512  ++++ 
1/1,000 
1/2,000  +-]--+++++ 
1/4,000 
1/8,000  +±+ 
1/16,000  0 
Control  0 
Unabsorbed 
antherum 
Precipitation  test 
Unabsorbed 
antiserum 
+++ 
++± 
++ 
+ 
-4- 
0 
S-absorbed 
ant~erum 
0  0  0 
TABLE  IV 
Bactericidal  Test 
R-absorbed 
antiserum 
++± 
++ 
+4- 
+ 
4- 
0 
o~ 
Oo 
3  ++++ 
Concentration  of 
unabsorbed  antiserum 
Concentration  of 
S-abserbed  antiserum 
a~,~0  +++++÷+ 
~o,o~  ++++  o 
&~o  ++++  o 
3~  ++++  o 
30  ++~+  o 
o 
++i++++~+++ 
o  ++++  +4-+ 
0  +++.+ +++ 
o  ++++  +4:+ 
o  ++++  +++ 
o 
++++ 
++++ 
++++ 
~++++ 
++++ 
+++++++  ++++ 
++++ 
++++~ 
++@+ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
Concentration  of 
R-absorbed  antiserum 
+++  ++ +++  +++q 
+++  o  o  -~++4 
-~++  0  o  ++-~4 
+++  o  o  +++q 
++~+  o  o  +++4 
+++  o  o  +++-{ 
it as genuine agglutination, only 3 per cent of the agglutinins remained. 
The effect of absorbing the same antiserum with the S organisms was 
to remove agglufinins, precipitins and bactericidins. 
These results appear  to us to constitute strong evidence that the JOYCE WRIGHT AND  HUGH K. WARD  243 
agglutinogen is a separate antigen, and the agglutinin a separate anti- 
body.  As we have stated already, the corollary of this experiment 
was beyond our reach,  since we had no purified precipitinogen with 
which to absorb  the precipitins.  However, we have carried  out an 
obvious experiment which, though hardly as convincing as absorbing 
the precipitins out of an anti-S serum, must carry some weight. 
Two rabbits were immunized, one with the S strain  and the other with the R 
strain of the influenza bacillus.  The anti-S serum and the anti-R serum thus 
obtained were compared in the same manner as before--by their agglutination of 
the S bacilli, by their precipitation of the S filtrate and by their bactericidal  action 
on the S organisms.  The protocols of this experiment need not be given, as the 
technique was the same, and the results were quite clear-cut.  The anti-R serum 
agglutinated the S bacilli equally as well as the anti-S serum did--the end-point 
being a serum dilution of 1/8000 in each case--but the anti-R serum showed  no pre- 
cipitating or bactericidal  action, whereas the anti-S serum was strong in precipitins 
and bactericidins. 
If both  these  experiments  indicate  that  the  agglutinogen of  the 
influenza bacillus is a separate antigen, and the agglutinin a separate 
antibody, they establish  the identity of precipitin  and bactericidin 
more firmly than ever, if, indeed, that were needed.  This is not the 
place to venture into a wider field than that of the influenza bacillus, 
but the experiments suggest that the presence of precipitins is of more 
significance than  the presence  of agglutinins in  testing bactericidal 
sera,  provided always that one uses  the right precipitinogen.  The 
importance of the latter point is perhaps not always fully appreciated. 
DISCUSSION 
In the case of an organism like the diphtheria bacillus, the close 
relationship between virulence and resistance is quite evident.  The 
organism is virulent mainly by virtue of the toxin it produces,  the 
individual is  resistant mainly by virtue of the antitoxin present  in 
the  serum.  Toxin-antitoxin; virulence-resistance.  But  in  the  case 
of  the  influenza  bacillus,  the  connection  between  virulence  and 
resistance is not so easily demonstrated.  Were we to assert that the 
virulence of the S influenza bacillus is dependent on the presence of 
precipitinogen  in  the  organism,  and  resistance  dependent  on  the 
presence of precipitin in the serum, we would have to admit at the 2z~  INFLUENZAL  MENINGITIS.  II 
same time that  we have no definite proof of this very elementary 
hypothesis, which may be  stated just  as  simply as  in  the  case  of 
diphtheria,  viz.,  precipitinogen-precipitin;  virulence-resistance.  As 
the problem stands at present, however, the experimental data lend 
considerable support to this theory. 
With regard to virulence, it has been shown that the virulent organ- 
ism is completely resistant to the bactericidal section of dilute normal 
blood, while the non-virulent organism is very easily killed by dilute 
normal blood; we know that  the  filtrate  of  the  virulent organism 
contains  the  precipitinogen, while  the  filtrate  of  the  non-virulent 
organism does not contain the precipitinogen; it has been shown that 
the filtrate of the virulent organism is strongly antibactericidal, while 
the filtrate of the non-virulent organism has no antibactericidal effect. 
These facts suggest the identity of the precipitinoge  n  and the anti- 
bactericidal substance.  Against this hypothesis must be set the fact 
that the precipitinogen is stable, while the antibactericidal substance 
is unstable on heating at pH 9.4.  It is possible, however, that the un- 
heated precipitinogen is a  more complex form of the precipitinogen 
proper (presumably a carbohydrate) and in this complex form is much 
more active in its antibactericidal effect.  This point can only be set- 
fled when the purified precipitinogen is available. 
With regard to  resistance, it has been shown that the antiserum 
has a bactericidal action in the presence of complement only when it 
contains the precipitin antibody,  and we know that  the precipitin 
antibody combines with the precipitinogen in the form of a precipitate, 
and  presumably neutralizes  it.  We  can  then  picture  the  virulent 
organism as containing the precipitinogen (probably concentrated in 
the capsule or membrane) aud we can picture this substance protect- 
ing the bacillus from the  action of the complement.  If,  however, 
the  precipitin  is  present,  this  antibody  neutralizes  the  protecting 
covering of precipitinogen and lays the bacillus open to the action of 
the complement.  Pursuing this  subject  still  further, we should of 
course want to know why this covering should protect the virulent 
bacillus from the action of the complement.  Mudd, Luck6, McCutch- 
eon  and  Strumia  (4),  working on  the mechanism of phagocytosis, 
have lately thrown considerable light on a  similar problem.  It  is 
hoped that direct studies of this nature, and the more indirect in- JOYCE  WRIGHT  AND  HUGH  K.  WARD  245 
vestigations of the action of the purified soluble substance (when it 
is available) will help to clarify the problem of virulence and resistance 
in the case of the influenza bacillus. 
In studying and discussing the question of resistance, we have laid 
all the emphasis on the action of the bactericidal antibody and com- 
plement, and we believe it is the critical mechanism of resistance, but 
at the same time we are not blind to other processes which aid  the 
body in eliminating the invading organisms.  For example, we have 
rather discounted the effect of agglutinins in resistance,  but  it  was 
their relative unimportance rather than their absolute unimportance 
that we intended to stress.  It may well be that the agglutinins have an 
important function in vivo, that we cannot demonstrate in test-tube 
experiments. 
CONCLUSIONS 
1.  By a suitable bactericidal technique, it can be demonstrated that 
the virulent S influenza bacillus is completely resistant to the bac- 
tericidal action of diluted normaI unheated serum.  In contrast, the 
R  organism is easily killed when subjected to the action of  diluted 
normal serum.  Although this is not a true virulence test, it promises 
to be a useful substitute when a  susceptible animal is not available. 
2.  The S culture filtrate  contains a  substance with a  strong anti- 
bactericidal effect, but the R  culture filtrate does not contain this 
substance. 
3.  It would appear probable that this antibactericidal substance is 
identical with, or closely related to the precipitinogen (or soluble sub- 
stance) which is present only in the culture fluid of the S influenza 
bacillus.  In view, however, of differences in heat stability of the two 
substances,  this  question  must  remain in  doubt until a  supply of 
purified precipitinogen is available. 
4.  Quantitative agglutination, precipitation and bactericidal  com- 
parisons between (a) R-absorbed anti-S serum and unabsorbed anti-S 
serum  and  (b)  anti-S  serum  and  anti-R  serum  indicate  that  the 
agglutinogen is  a  separate  antigen,  and  the  agglutinin  a  separate 
antibody, taking no part in the bactericidal action of the antiserum. 
They also indicate that the precipitin, which is present only in the 
anti-S serum, is identical with the bactericidal antibody. 246  INFLUENZAL  MENINGITIS.  II 
5.  The  relation  of  the  precipitinogen  (or  soluble  substance)  to 
virulence and of the precipitin to resistance is discussed. 
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